SUMMARY -This study evaluated the effects of electromagnetic radiation in our daily
Introduction
Alternating magnetic fields induce electric fields inside living organisms. Significant progress has been made in describing biological effects resulting from these interactions throughout the world 1 . Much of this effort has been directed towards electric fields of power frequencies (i.e. 50 Hz and 60 Hz) because the power frequency field in China is 50Hz and in the USA it is 60Hz. Other low frequencies have also been examined and research has been expanded to include magnetic fields, both alone and in conjunction with electric fields 2 .
Although it is now clear that extreme-lowfrequency (ELF) fields (1-300 Hz) can cause biological effects 3 , the mechanisms of such interactions on the coils used in aneurysm embolization are largely unknown and the clinical implications have yet to be determined. This study evaluates the effects of electromagnetic radiation in our daily lives, such as mobile phones, computers and TV, on the patients treated with aneurysm coiling.
Methods
Faraday's law of induction states that timevarying magnetic fields generate electric fields through induction. Faraday's law: (1) where: -= the induced electromotive force in the opposite direction to the changing rate of the magnetic flux N = the number of turns of the coil ϕ = the magnetic flux change [T⋅S 2 ] t = time[s] Therefore, a conductor exposed to ELF magnetic fields will also be exposed to an induced electric field from this course. For harmonic to the external field. The current density is related to other factors:
The induced current flow in the platinum coil mass circulates in closed loops in planes perpendicular to the direction of the magnetic field.
where I is induced current flow and S is the area of planes perpendicular to the direction of the magnetic field.
The lowest thresholds for perception
According to the mechanism of indirect interaction of electromagnetic fields 8 , the electric charge accumulated on the platinum coils will flow to the tissue of the person.
In the frequency less than 100 kHz, the current flow from the platinum coils to the living tissue may result in the stimulation of muscles and/or peripheral nerves. Threshold values for these effects are frequency-dependent, with the lowest threshold for peripheral nerve responses occurring at frequencies between 10 and 100 Hz 8 . The 50 percentile threshold currents for their occurrence are given in Table 1 .
(sinusoidal) elds and a circular contour in a homogeneous conductor, the magnitude of the electric eld (E) depends on the magnetic flux density (B), field frequency ( f ) derived from Faraday's law of induction and radius of the induction loop (R) and can be expressed mathematically as 1, 4 :
The induced electric field causes current to flow in any conductive body. These currents, called eddy currents, circulate in closed loops that tend to lie in planes perpendicular to the direction of the magnetic field.
The distribution of current in a three-dimensional volume is frequently specified using the current density vector J (A/m 2 ). Ohm's law relates the induced current density (J ) in an electric field (E) as follows 5 :
where the constant proportionality σ is called the electrical conductivity of the medium. . Since σPt >>σ tissue , it has been found valid to use Eqn. (2) and (3) in calculating the current produced within the intra-aneurysmal platinum coil mass exposed 
Results
The frequencies and magnetic flux density of electromagnetic radiation from hair dryers, computers and TV were reported by a Chinese newsman (Table 2) 9 . Magnetic induction of currents can be modeled using a simple global approximation of a coiled aneurysm. A globe with the semi major axes has the same R. The radius of aneurysms usually ranges from 1 mm to 15 mm. For instance, the radiuses of 1 mm, 5 mm, 10 mm, and 15 mm were used for calculation (Table 3) . Using equation (4) the maximum electric field E m induced in this model can be shown to occur when the magnetic flux density vector B is horizontal and perpendicular to the front of the coil mass.
The actual value of E m is 1.5 × 10 9 RB [equation (2)], where f is the frequency of the field in Hz. Equation (4) can be used to estimate the induced current density from E m . Using a platinum conductivity of 9.4 × 10 6 S/m 7 , the maximum induced current flows are presented in Table 3 .
Effect of Electromagnetic Radiation on the Coils Used in Aneurysm Embolization
Xianli Lv, current of 0.5 mA in platinum coils by a hair dryer, the minimum radius of aneurysm is 2.5 mm (5 mm aneurysm). To induce a current of 0.5 mA in platinum coils by a computer or TV, the minimum radius of aneurysm is 8.6 mm (approximate 17 mm aneurysm). The minimum magnetic field is much larger than the flux densities produced by computer and TV, while the minimum aneurysm radius is much larger than most aneurysm sizes to levels produced by computer and TV.
Household appliances Frequency (Hz) Magnetic flux density ( T)
Hair dryer 50 7.16
Computer (the front 0.5 meters, boot instant) 50 0.17 TV (the front 0.5 meters, boot instant) 50 0.12 
The minimum values
It is now possible to estimate the aneurysm radius, R, that will produce internal current flow exceeding the 0.5 mA thresholds discussed above. Aneurysms less than 10 mm in diameter represent more than 80% of all intracranial aneurysms 10 . To induce a current of 0.5 mA in platinum coils in R 5 mm aneurysm required to stimulate peripheral nerves, the minimum magnetic field will be 0.86 T. To induce a produce induced current to stimulate the cerebral nerve. The threshold recommended is 50% percentile values, which indicates that nerve stimulating symptoms must not appear even when the threshold is reached. The thresholds for effects (perception, shock, etc.) are generally higher for men than for women and children, though there are also individual differences 13 . Ours was a female patient. Although there is no nerve tissue stimulation symptoms in patients exposed to fields above the threshold, this may explain headaches when the patients use a computer or watch TV.
Mobile phone
For frequencies below about 100 kHz, an established interaction mechanism is the stimulation of muscles and/or peripheral nerves by induced currents . At the lower frequencies, much less of the electromagnetic field is absorbed by biological systems. Thermal interactions occur at energy levels much higher than interactions due to induced currents. Therefore, thermal interactions are usually of little interest for fields at levels to which people are exposed 8 .
Limitations
An example of a valid use of Eq. (4) is a conductive solution in a cylindrical dish in a uniform magnetic eld parallel to the cylinder axis 2 . The model is too simple and reflection and refraction of electromagnetic radiation caused by human tissue is not considered. The thermal effect caused by interaction between electromagnetic radiation and coils is also not considered. But in scientific research, simplifying and idealizing will make the problem easier to explain and understand. This result needs further detailed calculation and simulation analysis, complex investigations to prove it. Despite this limitation, it appears reasonable to quantify the exposure conditions in terms of dosimetric measures that are well grounded in physics, namely the induced electric eld and current.
Evaluations of induced elds and currents are useful in comparing previous experimental results. Their parameters can also be used in scaling exposure levels of human beings. Fur-
Case illustration
A 48-year-old woman presented with ophthalmoplegia on the left side. Cerebral angiograms showed a large intracavernous internal carotid artery aneurysm. The aneurysm size was 21 mm × 21 mm × 20 mm (Figure1A). The aneurysm was treated with coil embolization ( Figure 1B) . This patient complained of left facial numbness, headache and extraocular muscle spasm while booting a computer and TV. A control angiogram was obtained at 54-month follow-up and showed a neck remnant of the aneurysm ( Figure 1C) . The aneurysm was treated with parent internal carotid artery occlusion using coils ( Figure 1D-F) .
Discussion
Intracranial aneurysms are common, with a prevalence of 0.5% to 6% in adults, according to angiography and autopsy studies 11 . Endovascular coil embolization is an option for treatment of ruptured and unruptured intracranial aneurysms 12 . In daily life, we are surrounded by electromagnetic radiation, mainly from household appliances such as hair dryers, computers, TVs and mobile phones. According to the principle of electromagnetic induction, platinum coils exposure to ELF electric and magnetic fields may involve effects within the coils caused by the induction of internal current flow 3 . This problem has not been noted and investigated previously. In this study, we found that induced current flow in most platinum coils produced by exposure to daily ELF is much lower than the reported threshold level. Most coiled aneurysms (more than 80%) cannot produce induced current flow to stimulate the nervous tissue using computers and TVs. Coiled aneurysms greater than 17 mm may produce current using computers and TVs sufficient to excite the nervous tissue. We think that nerves must not be irritated under the above conditions because such a case is very rare in clinical practice. We only encountered one patient complaining of neurological symptoms coinciding with computer and TV booting in five years (< 1/1000). We thought this might be due to the aneurysm wall, pial membrane, cerebrospinal fluid, and nerve sheath composing a barrier between the platinum coils and the nerve tissue. But a large aneurysm close to the nerve tissue, as in our case of a large cavernous aneurysm compressing the cerebral nerve, would
Conclusions
At present, the effects of electromagnetic radiation in our daily lives on intracranial coils do not produce a harmful reaction of the human body. Patients with coiled aneurysm have been advised to avoid using hair dryer. This theory needs to be proved by further detailed complex investigations. Doctors may give patients additional instructions after the procedure, depending on this study.
